INTRODUCTION
Recent studies have challenged the traditional view that all tendons and ligaments are alike. It is postulated that tendons vary in structure and biochemical composition. Moreover, each tendon shows regional hcterogenicity along its Icngth (Harwood and Arniel, 1992; Vogel et aI., 1993) . The study of the detailed structure of tendons has gained special attention as it has important clinical implications. Tendons may need to be carefully investigated and selected for particular surgical transfers and joint reconstructions (Benjamin et al., 1995) .
The Achilles tendon is of particular interest. since it is the strongest tendon in the human body with a tensile length of 50 -lOON I rnm. It is formed from the joining of the two tendons of soleus and gastrocnemius (Williams et al., 1995) . Despite of its strength, the Achilles tendon is the most frequently ruptured tendon in the human body. Tendon fibers begin to disrupt after length increase of 3 -4% and rupture after an increase of 8%. Rupture is common in males in the fourth decade. it usually occurs between 2 -6 em from its insertion into the calcaneus. The greatest risk of rupture is when the tendon is obliquely loaded and the muscle is contracting maximally, as a result of pushing off with feet against resistance (Cetti et al, 1993 & Maccellan and Maffulli, 2002) .
Moreover, rupture is a common sequence of steroid therapy (Hersh and Heath, 2002) , quinolone antibiotic therapy (Poon and Sundaram, 1997) levoflaxacin and other fluoroquinoiones (Mathi et aI., 2003) . Rupture of the Achilles tendon has been also noticed after renal transplantation (Hestin et al., 1993) and in cases of chronic obstructive pulmonary diseases (Khurana et al., 2002) . Furthermore, in-creased activity and velocity sports might increase the incidence of rupture (Mazzone and McCue, 2002) .
The exact etiopathogenesis of Achilles tendon rupture is unknown, but it is claimed that both ruptured and tendinopathic tendons show evidences of histological degeneration compared to the normal tendons (Tallon et aI., 2001 ). Understanding the anatomy and histology of the ruptured Achilles tendon and contiguous structures is essential in the diagnosis and treatment of Achilles tendon injuries (Schepsis et al.,2002) .
Thus the purpose of the present study was to determine the detailed ultrastructure of the Achilles tendon in rat. Moreover, it aimed at illustrating and comparing the degenerative changes resulting from both aging and following steroid administration with the degenerative changes in the experimentally ruptured tendon.
MATERIALS AND METHODS

Thirty male albino rats were obtained from the Research Unit and Bilharzial
Research Center of Faculty of Medicine, Ein Shamus University. Animals were divided into four groups.
Group I :
Included 5 rats aging 3 -4 months (adult group). They were used as a control group.
Group II:
Included 5 rats aging 18 -24 months (Senile group). They were used to study the age related changes in the Achilles tendon.
Group III:
Included ten adult rats of which seven rats received 0.50 ml (25 rng) of hydrocortisone (Hydrocortisone hemisuccinate, Roussel) intraperitoneally for three weeks. Three rats received 0.5 ml of vehicle intrapcritoneally for the same duration and were used as controls for this group.
Group IV:
Included tcn adult rats. seven of which were anaesthetized by ether inhalation.
Their right hind limbs were extended. shaved and fixed. A longitudinal incision was performed in back of the leg and the skin was reflected. Gastrocnemius muscle and tendoachilles were identified. The tendon was traced and dissected. Achilles tendon was transected mid way between musclo-tendinous junction and the site of insertion and left without suturing (Rickert et al., 2001 ). Skin was sutured and cleaned with antiseptic. Animals were left for three weeks. The remaining three rats were anaesthetized but without surgical interference and were used as controls for this group.
At the end of the experiment, all animals were killed by cervical dislocation.
Achilles tendons were dissected and specimens were taken from the tendons away from the calcaneus. Specimens were cut into small pieces. fixed in 4% glutraldehyde then washed in phosphate buffer and post fixed in 1% osmium tetraoxide. Fixation was followed by dehydration and embedding in epoxy resins. Semithin sections (1 urn) were stained with toluidine blue. Ultrathin sections were stained with uranyl accrate and lead citrate according to Reynolds (1963) , examined and photographed using transmission electron microscope (Philips eM 100).
RESULTS
The control groups:
Examination of the semithin sections of Achilles tendon of group I and the controls of group 1II and IV showed that Achilles tendon consisted of dense regular. elongated collagen fibers with parallel orientation (Fig. I) . However, few fibers were partially interwoven particularly those in close vicinity to the fibroblasts which appeared trapped between the collagen fibers. The fibroblasts were arranged in longitudinal rows within the tendons but few single fibroblasts were observed (Fig. 1 ).
Ultrastructural examination revealed that the collagen fibrils had uniform thickness and were seen either in striated or in cross sectioned forms (Figs. 2. 3 ). The fibroblasts possessed elongated euchromatic nuclei of moderate condensation of chromatin and the nucleolus was not prominent (Fig. 2) . Fine cytoplasmic processes were seen extending from the fibroblasts and ramifying throughout the tendon (Figs.   2,3) . The cytoplasmic processes contained extensive rough endoplasmic reticulum and few Goigi complexes (Fig. 3 ).
Group II:
Examination of the semi thin sections of group II revealed that AChilles tendon of the senile rats had less dense. loosely packed collagen bundles. The fibroblasts were irregularly arranged and frequently had crenated vesicular nuclei (Fig. 4) . Most of the fibroblasts were surrounded by wide pale areas of depleted fibers. Few cells with dark fusiform nuclei were interposed between the collagen fibers (Fig. 5 ).
Ultrastructural study clarified that the collagen fibrils were loosely compacted as compared with the adult group. Occasionally localized areas of complete degeneration were encountered (Fig. 6) . Although the condensation of nuclear chromatin of the fibroblasts was unaltered, yet the cytoplasmic processes contained few areas of degeneration slightly dilate cisterns of rough endoplasmic reticulum and numerous lysosomes (Figs. 6, 7) . Some of the tendon cells had indented irregular nuclei and showed increased chromatin condensation. In such cells, the cytoplasm contained restricted organelles apart from few cisterns of rough endoplasmic reticulum, collections of polyribosornes and numerous small vesicles (Fig. 8 ).
Group III:
Examination of the semithin sections of group TIl demonstrated that Achilles tendons of rats which received hydrocortisone for three weeks had noticeable vascularity. Numerous small congested blood vessels invaded the collagen fibers. Mast cells were frequently noticed (Fig. 9) . Moreover, wide areas of exudation and multiple vacuoles of variable sizes were encountered inbetwecn the collagen fibers ( Most of the cells had oval indented nuclei with highly condensed chromatin ( Fig.   13 ). Some cells were binucleated their cytoplasm elaborated small arched processes and contained few organelles (Fig. 14) .
Group IV:
Examination of the sernithin sections ·01' the experimentally ruptured tendons showed that the Achilles tendon was vascular and hypcrcellular (Figs. 15, 16, 17) . Ultrastructural examination clarified that the collagen fibrils lost their regular pattern of arrangement. Most of the fibrils were markedly interrupted and widely separated. Moreover, wide area" of degeneration were observed (Fig. 18) . Inspite of the marked interruption of the collagen fibrils, few focal areas of condensed collagen fibrils were observed close to the tendon cells (Fig. 19) . The fibroblasts exhibited different forms, of which, some had elongated nuclei of moderate condensation of chromatin but the cytoplasmic processes contained dilated cisterns of rough endoplasmic reticulum with detached ribosomes (Fig. 20) . Other fibroblasts had rounded nuclei and their cytoplasmic processes were highly degenerated and contained few ill-defined cisterns of rough endoplasmic reticulum (Fig. 20) . Among the degencrated collagen fibrils few fibroblasts had irregular nuclear membrane, prominent large nucleolus and degenerated ill-defined cytoplasmic processes (Fig. 19) .
[ -T*r- In the present study. the age-associated changes were present in both the collagen fibers and the fibroblasts. The fibers were less dense and loosely packed.
Moreover. localized areas of complete degeneration were observed. The morphological changes encountered in the collagen fibers in the present study coincides with the pronounced changes in the collagen fiber composition with aging and appearance of collagen type II noticed by Ralphs et al. (1991) .
Regarding the fibroblasts, the celts were irregularly arranged and surrounded by areas of depleted collagen fibers. The nuclei were occasionally crenated and the cytoplasmic process contained areas of degeneration and numerous lysosomcs. Such degenerative changes are suggestive of low secretory activity of fibroblasts and could encounter for the decrease in the glycosamlnoglycan of the collagen matrix noticed in senile rats by Benjamin et al. (991) .
Moreover. the present study revealed that in senile rats. some tendon cells exhibitcd dark condensed nuclei. Ultrastructural studies clarified that these cells had irregular indented nuclei or high chromatin condensation. Their cytoplasm had restricted organelles apart of numerous small vesicles and collections of polyribosornes, These arc probably degenerated fibroblasts or inactive fibroblasts. The vesicles present in such celts might be involved in the initiation of calcification of senile tendons (Benjamin et at, 1991) . The degenerative changes noticed in the present study in the collagen fibers and fibroblasts might explain the increased incidence of rupture of Achilles tendon with aging noticed by Mazzone and McCue,
.
In the present work. it was evident that after hydrocortisone administration for three weeks. the Achilles tendon presented noticeable vascularity. The blood vessel invasion is probably triggered by the degenerative changes in the tendon. Such changes enhance neoangiogcnesis in the Achilles tendon to increase blood flow and improve the nutrition (Friedrich et al., 200t) . The present study revealed that the blood vessel invasion was associated with cellular infiltration particularly with mast cells. The presence of mast cells iudicatcs the occurrence of inflammation (Junqueira and Carneiro, 2003) .
The degenerative changes following hydrocortisone administration involved the collagen fibers. They were irregularly arranged and widely separated. Most of the fibres were thin and partly fragmented. The degeneration of collagen fibers could encounter for the spontaneous and even bilateral rupture of Achills tendon in patients with long term oral or injected steroid therapy (Hersh and Heath, 2()02). Generally. the effects of steroids arc dependent on the route of administration. The mode of steroid delivery might be as important as the actual effects of the drug on the histological and biochemical properties of the tendon. II is claimed that steroid injection had the most deleterious effects (J\lartin et HI., 1999). It was concluded that the determination of degree of degeneration or"collagen fibers and the morphological changes in fibroblasts might be beneficial in determi-nation of type of treatment whether medical or surgical. and also in the selection of postoperative regulations required to promote healing.
